Introduction {#s1}
============

Axial spondyloarthritis (axSpA) is an umbrella term for a group of chronic inflammatory rheumatic diseases with primary involvement of the axial skeleton (sacroiliac joints and spine).[@R1] Depending on the presence or absence of definite radiographic sacroiliitis (grade II and higher, bilaterally, or grade III and higher, unilaterally[@R2]), two major subtypes of axSpA are defined: non-radiographic axSpA (without definite radiographic sacroiliitis) and radiographic axSpA, also referred to as ankylosing spondylitis (AS). AxSpA is characterised by the presence of active inflammation in the sacroiliac joints and in the spine, especially at the early stage, which manifests as pain and stiffness, and by new bone formation (leading to bony ankylosis) in the same areas that might result in severe limitation of spinal mobility and functional impairment.[@R3]

Over the past years, the strategies for management and therapy of patients with axSpA have changed substantially. Despite all the advances, there was until recently no clear definition of therapeutic targets and strategies to achieve such targets. The importance of this process can be seen in the case of rheumatoid arthritis (RA). In 2010, treatment targets for RA were clearly defined, specifically remission or low disease activity bringing improved outcomes.[@R4] Recently, consensual recommendations for defining a treatment target to improve the management of axial and peripheral SpA in clinical practice have been developed. According to these recommendations, the primary goal of treatment of SpA is "to maximize long-term health related quality of life and social participation through control of signs and symptoms, prevention of structural damage, normalization or preservation of function, avoidance of toxicities and minimization of comorbidities."[@R5] Therefore, the key treatment targets in axSpA could be defined as inflammation and new bone formation; reduction of inflammation would lead to a control of signs and symptoms (pain and stiffness) as well as objective inflammation parameters (C reactive protein---CRP and osteitis detected on MRI, which, however, are considered secondary to a good symptom control[@R6]), while prevention of new bone formation would mean disease modification and improvement of the long-term outcome including preserved functional status. This article reviews existing treatment options and evidence related to new treatment strategies in the target areas of inflammation and new bone formation in axSpA.

Inflammation as a treatment target {#s2}
==================================

Current treatments {#s2a}
------------------

### Non-steroidal anti-inflammatory drugs {#s2a1}

On the basis of the joint Assessment of Spondyloarthritis International Society (ASAS)/European League Against Rheumatism (EULAR) recommendations, the first-line therapy in AS (that could be generalised to axSpA) comprises non-steroidal anti-inflammatory drugs (NSAID) in conjunction with patient education and regular exercise.[@R6] Efficacy of NSAIDs, including the selective cyclo-oxygenase-2 (COX-2) antagonists, in reduction of pain and stiffness in AS has been proven in a number of studies.[@R7] There is often a clear improvement of low back pain in patients with AS treated with NSAIDs, with a clinically significant response in more than 70% of the patients, compared with patients with mechanical back pain, who experienced an improvement in only about 15% of the cases.[@R10] Moreover, NSAIDs have also been shown to be effective even in achieving remission in patients with axSpA, especially for those with short symptom duration. Recently, encouraging results have been observed in the Infliximab as First Line Therapy in Patients with Early Active Axial Spondyloarthritis Trial (INFAST) where patients with axSpA (both radiographic and non-radiographic axSpA) and symptom duration of up to 5 years treated with a combined therapy of tumour necrosis factor (TNF) blocker + NSAID (infliximab + naproxen) were compared with those treated with NSAID (naproxen) alone. While the ASAS partial remission rate at week 28 was achieved by 61.9% of the patients in the combined therapy group, the remission rate in the naproxen group was surprisingly high at 35.3%.[@R11] Beyond clear symptomatic efficacy, there is some evidence indicating a reduction in objective signs of inflammation in axSpA under NSAIDs therapy: serum level of CRP[@R9] and osteitis in the sacroiliac joints and/or spine on MRI.[@R11] These data suggest that good symptomatic efficacy of NSAIDs in axSpA is related not only to analgesic properties, but also to their anti-inflammatory properties.

### TNFα blockers {#s2a2}

Currently, TNFα blocking therapy is the only effective treatment available to patients with axSpA who are unresponsive to the first-line therapy with NSAIDs.[@R6] [@R12] According to ASAS recommendations, patients fulfilling the ASAS classification criteria for axSpA[@R13] (including patients fulfilling the modified New York criteria for AS), whose disease activity remains high despite the use of NSAIDs, are candidates for the TNFα blocking therapy.[@R12]

Each of the currently available TNF blocker agents (adalimumab, certolizumab pegol, etanercept, golimumab and infliximab) has a strong and similar clinical efficacy in active AS with a clear improvement of symptoms measured by the ASAS40 response achieved by 40--50% of treated patients, or by the 50% improvement of the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) achieved by 50--60% of patients, as well as a substantial reduction of active inflammation on MRI.[@R14] Shorter disease duration, younger age, better functional status, raised CRP and active inflammation on MRI are predictors of a good clinical response.[@R19] Most recently, all anti-TNF agents (except infliximab) have been investigated in patients with non-radiographic axSpA (which is widely considered as an early stage of AS) with good clinical efficacy similar to that observed earlier in AS trials.[@R18] [@R22] Good clinical efficacy (significantly better than in the placebo group) was, however, observed only in patients with objective signs of inflammation (elevated CRP, osteitis on MRI). Subsequently, the presence of objective signs of inflammation is a pre-requisite for administration of TNF blockers in patients with clinically active non-radiographic axSpA not responding to NSAIDs (currently approved in the European Union are adalimumab, certolizumab pegol and etanercept, while golimumab is likely to be approved in 2015; none of them are approved for non-radiographic axSpA in the USA). According to the current evidence, patients with nr-axSpA without objective signs of inflammation (normal CRP, no osteitis on MRI) are unlikely to benefit from the therapy with TNF blockers.

### Other therapies {#s2a3}

Despite the fact that NSAIDs and TNF antagonists significantly improve the outcomes in patients with axSpA, up to 40% of patients (according to the data from pivotal clinical trials) with active axSpA do not reach a clinically significant response. The majority of treatment options available and effective in RA, for instance, have also been tested in AS/axSpA over the past 10 years.

Conventional disease-modifying antirheumatic drugs like methotrexate, leflunomide and sulfasalazine were found to be generally ineffective for axial manifestations in AS/axSpA, but could have some effect in patients with peripheral joint involvement.[@R25]

The long-term use of systemic glucocorticoids is not recommended in axSpA because there was nearly no evidence of the efficacy of this drug class at the time point of the last revision of the ASAS/EULAR treatment recommendations.[@R6] However, in a small, open-label clinical trial, a short-term treatment with intravenous pulse of methylprednisolone was successful in reducing symptoms and improving spinal mobility in active AS.[@R28] A recent placebo-controlled study suggests that 50 mg oral prednisolone given daily for 2 weeks could be helpful in treating patients with active AS refractory to NSAIDs treatment.[@R29] This indicates that a short-term therapy of oral prednisolone could be considered as an option (or a bridge therapy) for patients with active AS/axSpA if anti-TNF therapy could not be started immediately. Local steroids are often considered for treatment of peripheral manifestations like enthesitis or arthritis[@R6] and have been beneficially used in the past for treatment of active sacroiliitis.[@R30] [@R31]

Histological studies have observed the important presence of dense infiltrations of B cells in the subchondral bone marrow found in active sacroiliitis.[@R32] [@R33] On the basis of these findings, a pilot open-label clinical trial with rituximab (monoclonal anti-CD20 antibody-depleting B cells) was recently performed in patients with active AS. Rituximab was not found to be effective in patients who failed previous anti-TNF therapy, but there was some effect in anti-TNF naive patients. Importantly, prior to the rituximab infusion at baseline, all patients received premedication including steroids, which might also have had an impact on clinical symptoms of AS. Unfortunately, no further clinical studies were conducted in order to confirm results from this pilot trial; therefore, the efficacy of rituximab in AS/axSpA still remains undetermined.[@R34]

The dominancy of T cells and macrophages in the inflammatory infiltrates in early active sacroiliitis suggests a specific cellular immune response.[@R35] Abatacept is a fusion protein of the extracellular domain of CTLA-4 and an immunoglobulin with a modified Fc, which modulates the co-stimulatory signal required for full T-cell activation. Several case reports and a pilot open-label clinical trial in AS have presented a poor clinical response concluding that abatacept cannot be recommended for the treatment of AS/axSpA.[@R36] [@R37]

Interleukin (IL) 1 is a proinflammatory cytokine that intervenes in the activation of macrophages and osteoclasts and induces fibroblast proliferation, causing chronic inflammation and bone resorption. Suppression of IL-1 with an IL-1 receptor antagonist (anakinra) decreases inflammation and bone resorption in RA.[@R38] Unfortunately, the data from a pilot clinical trial did not show convincing results for patients with active AS.[@R39]

IL-6 is also a proinflammatory cytokine that was found to be elevated in serum in patients with AS with correlations with disease activity.[@R40] Infliximab treatment decreases IL-6 serum levels in patients with AS and this depletion correlated with improvement in disease activity and bone mineral density.[@R41] These findings resulted in an assumption that IL-6 suppression might be a possible therapy target in AS/axSpA. Tocilizumab, a humanised monoclonal antibody against IL-6 receptor-α (IL-6Rα), and sarilumab, a fully human monoclonal antibody against IL-6Rα, have both demonstrated negative results without a clinically significant effect in patients with active AS refractory or intolerant to NSAIDs.[@R42] [@R43]

Possible future therapies {#s2b}
-------------------------

### Th17 pathway (IL-17 and IL-23) blockade {#s2b1}

The Th17 pathway is implicated in the physiopathology of several chronic inflammatory diseases including RA, psoriasis/psoriatic arthritis and SpA.[@R44] A Th17 T-cell subset is characterised by IL-17 production and directly related to the induction of tissue inflammation and autoimmunity.[@R47] In axSpA, the unfolded protein response (linked to the particular formation of HLA-B27 heavy chains) is believed to result in production of IL-23 by dendritic cells that might activate the Th17 axis that leads to overexpression of proinflammatory cytokines including IL-17 and TNF by the effector cells.[@R48] [@R49] The Th17 pathway opens relevant and realistic new therapeutic targets for the treatment of axSpA.

It has been suggested that IL-17 might be a crucial mediator of inflammation in axSpA.[@R44] Several studies have demonstrated increased levels of IL-17 in serum and a high number of circulating polyfunctional Th17 cells.[@R50] Additionally, an immunohistological analysis of IL-17-secreting cells in facet joints from patients with AS indicated that the IL-17-producing cells were significantly higher compared with spine samples obtained from patients with osteoarthritis.[@R54] At the moment, there are several molecules blocking IL-17 under investigation: secukinumab, ixekizumab (monoclonal antibodies directed against IL-17A) and brodalumab (a monoclonal antibody against the IL-17 receptor). From these three agents, only secukinumab has so far been tested in AS. In a proof-of-concept clinical trial in patients with active AS, 60% of patients in the secukinumab group (given as two doses of 10 mg/kg intravenously 3 weeks apart) reached the primary end point of ASAS20-response at week 6, indicating a 99.8% probability of superiority versus placebo.[@R55] Results of two phase III clinical trials (MEASURE 1 and MEASURE 2), in which patients with active AS (majority---without previous TNF exposure) were treated with secukinumab, were recently presented in the abstract form. In MEASURE 1, patients received secukinumab 10 mg/kg intravenously (weeks 0, 2 and 4) followed by subcutaneous secukinumab 75 or 150 mg every 4 weeks or placebo. The study met its primary end point with a significantly higher ASAS20 response rate at week 16 of 59.7% and 60.8% in the secukinumab 75 and 150 mg groups, respectively, as compared with placebo (28.7%, p\<0.01 vs active treatment).[@R56] In the MEASURE 2 study, patients were treated with subcutaneous sekukinumab 75 mg or 150 mg weekly for 4 weeks followed by dosing every 4 weeks or placebo. The primary end point---ASAS20-response at week 16---was achieved in the 150 mg group only: 61.1% (vs 27% in the placebo group, p=0.001).[@R48] Beyond axSpA, secukinumab was clinically effective in clinical trials in psoriasis[@R42] and in psoriatic arthritis[@R57] but provided negative results in patients with active Crohn\'s disease (secukinumab treatment was even associated with worse outcome as compared with placebo);[@R24] these results have raised some safety concerns on secukinumab therapy in axSpA due to a well-known association of axSpA with inflammatory bowel disease, which might have a subclinical course prior to the start of IL-17-blocking therapy.

Ixekizumab has shown efficacy in psoriasis,[@R58] and further studies in psoriasis and psoriatic arthritis are currently ongoing. Brodalumab has also been successfully tested in phase II trials in psoriasis[@R54] and psoriatic arthritis.[@R59] It is most likely that phase II/III trials in AS/axial SpA with ixekizumab and brodalumab will follow soon considering the positive results of the secukinumab programme.

Efficacy of IL17 blockade in the entire population of axSpA including the non-radiographic form, efficacy in patients non-responding to anti-TNF therapy, and efficacy regarding retardation of structural damage progression in the spine should be addressed in future studies.

Another potential therapeutic target in axSpA interfering with the Th17 axis could be the blockade of IL-23. IL-23, together with transforming growth factor (TGF)-β and IL-6, is essential for the differentiation and activation of Th17 lymphocytes.[@R47] [@R60] [@R61] Indeed, the presence of IL-23 is crucial to maintain the Th17 phenotype and achieve full effector function.[@R62] IL-23 consists of two subunits: p40, which is also present in IL-12, and p19, which is specific for IL-23. Several studies described elevated concentrations of IL-23 in serum and synovial fluid from patients with AS[@R50] [@R63] and found that the number of IL-23p19+ cells in the bone marrow of facet joints of patients with AS was significantly higher compared with the samples obtained from patients with osteoarthritis and individuals without spinal disease.[@R64] Furthermore, IL-23 was found to be essential for the induction of specific SpA-like entheseal inflammation in vivo in a mouse model.[@R65]

Ustekinumab, a monoclonal antibody directed against the common p40 subunit of IL-23 and IL-12, has been recently approved for the treatment of psoriasis and psoriatic arthritis. The recently published results from a proof-of-concept trial with ustekinumab in patients with active AS and an inadequate response to NSAIDs are encouraging. In this open-label trial, ustekinumab was administered in a dose of 90 mg subcutaneous at weeks 0, 4 and 16. The ASAS40 response at week 24 (the primary outcome) was achieved by 65% of patients.[@R66] The promising results should be confirmed in a placebo-controlled trial.

Several specific inhibitors of IL-23 (monoclonal antibodies against the p19 subunit)---BI 655066, guselkumab and tildrakizumab---are underway now in clinical trials in psoriasis (ClinicalTrials.gov identifiers NCT02203851, NCT02207244 and NCT01729754), psoriatic arthritis (NCT02319759), while BI 655066 in also being currently investigated in a phase II study in AS (NCT02047110).

### Phosphodiesterase 4 blockade {#s2b2}

Given that cytokines such as TNFα, IL-23, IL-17 and IL-10, influenced by PDE4 (phosphodiesterase 4), play an important role in SpA, a pilot study of a small molecule-specific PDE4 inhibitor (apremilast, currently approved for treatment of psoriasis and psoriatic arthritis) in AS was performed.[@R67] Although the primary end point BASDAI at week 12 was not met, a phase III clinical trial (POSTURE, NCT01583374) was initiated to evaluate apremilast efficacy and safety. The primary end point of the POSTURE study (ASAS20 at week 16) was not met; however, based on the decision of the Data Monitoring Committee, the study was continued without change.[@R68]

### Janus-kinase blockade {#s2b3}

Tofacitinib is a substance inhibiting Janus-kinases (JAK) 1 and 3 in vivo, which have a pivotal role in cytokine signal transduction that regulates lymphocyte proliferation, differentiation and apoptosis. Tofacitinib has proven to be effective in rheumatoid arthritis[@R69] and potentially might be also effective for AS/axSpA. Currently, there is an ongoing phase II study with patients with active AS (NCT01786668); no data are as yet available.

### Dual variable domain immunoglobulin {#s2b4}

A novel therapeutic class in autoimmune diseases is the DVD-Ig (dual variable domain immunoglobulin), which is a new type of dual-specific immunoglobulin. The DVD-Ig protein is unique in that each arm of the molecule contains two variable domains that can have different binding specificities.[@R70] ABT-122, which is the new DVD-Ig molecule targeting both human TNF and IL-17 cytokines, is currently under investigation in phase I/II clinical trials,[@R71] NCT02349451. Dual blockade of TNF and IL-17 might be especially effective in axSpA and other SpAs considering a crucial role of both cytokines in the pathogenesis of these conditions. Further studies should also address concerns related to the safety of the dual blockade of TNF and IL-17.

New bone formation as a treatment target {#s3}
========================================

As already mentioned, axSpA is a chronic inflammatory rheumatic disease that affects the axial skeleton. According to the current understanding of the disease, active inflammation in the sacroiliac joints and in the spine is followed by the process of bone repair leading to excessive new bone formation---a morphological substrate of structural damage in axSpA.[@R72] While new bone formation/ankylosis in the sacroiliac joints has a diagnostic value only without a significant impact on the patient\'s functional status, new bone formation in the spine (syndesmophytes, bridging syndesmophytes, ankylosis) has a clear correlation with reduction of spinal mobility and functional status in patients with axSpA.[@R3] [@R73] Therefore, drugs with a proven effect on progression of structural damage in the spine would possess a disease-modifying property in axSpA.

NSAIDs might have an impact on the progression of structural damage in the spine. Boersma described for the first time in 1976 that a continuous therapy with phenylbutazone could have an inhibitory effect on the progression of ossification of the spine in patients with AS.[@R74] Years later, the association of NSAIDs therapy and retardation of radiographic spinal progression was found in a study performed by Wanders *et al*. This study compared the radiographic progression between continuous daily use of NSAIDs (in the majority of patients, celecoxib---a selective COX-2 inhibitor) and the use of NSAIDs only on demand. The authors concluded that although both strategies presented a similar effect on symptoms and signs, the continuous NSAIDs treatment significantly reduced the progression of structural damage.[@R75] Recently, data from the GErman SPondyloarthritis Inception Cohort (GESPIC) provided similar results. In this cohort, patients with AS with high NSAIDs intake (defined as ≥50% of the maximal recommended dose) over 2 years had a lower radiographic spinal progression rate compared with patients with low NSAIDs intake. This protective effect was nearly exclusively seen in patients with AS with syndesmophytes at baseline and elevated CRP---known risk factors for radiographic spinal progression in axSpA[@R76]---suggesting that continuous NSAIDs treatment might be especially beneficial in patients with these characteristics.[@R77] Similar data were also found in a post hoc analysis of the previously referenced study by Wanders *et al*: retardation of radiographic spinal progression due to continuous intake of NSAIDs was observed only in patients with elevated CRP.[@R78] Despite these positive results, there is still a need for confirmation of these data in another randomised controlled trial. Furthermore, the role of COX-2-selectivity for inhibition of new bone formation in the spine is still not clear. Also, the effect of a combined therapy with an NSAID plus a TNF blocker on radiographic spinal progression in AS/axSpA is not known. Therefore, taking all risks and possible benefits of NSAIDs into account, the indications for NSAIDs therapy in daily clinical practice should currently be determined by the presence or absence of clinical symptoms (pain, stiffness) of axSpA[@R6] rather than by the presence of risk factors of radiographic spinal progression.

Despite their strong anti-inflammatory efficacy, TNF blockers (adalimumab, etanercept, golimumab and infliximab) did not show retardation on radiographic progression during 2 years (or even 4 years for golimumab) of therapy in advanced AS.[@R79] However, a longer treatment (over 6--8 years) might be associated with reduced radiographic spinal progression, as indicated in a relatively recent small long-term study with infliximab.[@R83]

Recently, Maksymowych *et al* have proposed the TNF brake hypothesis, which proposes an explanation for the possible different effects of anti-TNF therapy on structural damage in the spine in early and advanced disease. The hypothesis suggests that early inflammatory lesions resolve without sequel if the treatment is started before the bone formation pathways get activated; if the lesion is mature and bone formation pathways are triggered, TNF may act as a brake on the new bone formation process while TNF blockade would release this brake.[@R84] This hypothesis indicates the possible existence of a 'window of opportunity' in axSpA---a certain time period (first months to years of the disease) in which resolution of inflammation due to TNF blockade would not lead to activation of new bone formation in the spine later on. A recent study by Haroon *et al*[@R85] indicated that initiation of anti-TNF therapy within the first 10 years since symptom onset of AS was associated with less radiographic spinal progression as compared to patients with later start of the therapy supporting the 'window of opportunity' hypothesis. Whether novel drugs such as IL-17, IL-23 blockers and 'small molecules' (apremilast, tofacitinib) are able to retard radiographic spinal progression has yet to be determined.

Conclusion {#s4}
==========

Current treatment options allow good control of symptoms---the primary treatment aim in axSpA nowadays---in the majority of patients. Novel treatments including IL-17 and IL-23 inhibitors might be a further treatment option for patients not responding adequately to the first-line (NSAIDs) and second-line (TNF blockers) treatment. Currently available data indicating possible disease-modifying properties of NSAIDs and TNF blockers by inhibition of progression of structural damage in the spine still require confirmation.
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